.PATENT ABSTRACTS OF JAPAN 



(11 FuMcallcn number : 08-191171 
(43)Date of pubHastbn of application : 



H01S 3/18 
H01L 33/00 



(21 jAppf ic&tton number : 07-003033 
C22)Dateoffe 12,01,1991 



(71)Appl!oant : NICH1A CHEM IND 

(72}inventor : 3EN0O MASAYUKI 
YAM&B& TAKAO 
NAKAMURA SHOJI 



(54) NITRIDE SEMICOHDy OTOR L&SfS R ELEMENT 
(57)Abstraot; 

PURPOSE; To form a suitable optical resonance surface turning to a 
reflecting mirror, by ferming a dielectric multHayamd Sim having a 
r enaction factor corresponding to escalation wavelength on the nitride 
^ernbondyctcr surface turning to the optics! rmomncB surface, 
CONSTITUTION: A doubte h^terostructure is formed byiaminating a 
byffef layer 2 composed of QaE an M~typa contact layer 3, an M~type 
clad layer 4, a second M^pe clad layer % m yndoped active layer 8, a 
PHype clad layer 7, and a P~iypa contaet layer 8 on the [0001] face of 
a sapphire substrate 1, A stripe type positive electrode 12 h formed on 
the surface of the P~type contact layer 8, and a negative electrode 11 m 
formed on the surface of the N-type contact layer 3. The rasp active ten 
layers of $102 and T?02 are alternately laminated over the nitride 
semiconduotcr (lRxAlyGa1~x~y, 0<x, 0<y\ x*y£1) surface and the 
sapphire substrate to form a di&botrio multila^ered film 20. The 
dielectric multilayered films 20 are formed o*i the facing surfaces of the 
nitride semiconductor layer, reflect the light emitted from the active 
layer, and act as ^ perfect cptloa! resonance syrfeces. 
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M and IMI 0& not responsiWg for any 
damages caused by the m& of this translation. 

Uhk document has been translated by computer So the translation may not reflect the ongmal precisely, 
2,**^ shows the word which can not he translated 
3Jn the drawings, any words are not translated. 



CLAIMS 



[Olaim(s)] 

[Giaim 1 ]a substrate top ~~ a nitride semiconductor Cln x aluminum Y Ga 1 ^ y N,) A nitride semiconductor laser 
element which is a laser device which comes to laminate 0<^X > 0<-¥, and ;#*Y<M, and is oharacterimd by 
forming a di electric multilayer at least m one side of an optical resonance side of the 1 aser devi o e, 
[Olaim 2]lt Is in a range whose lombatis wavelengths of said laser device are 380 rm ™ 480 nm> The nitride 
semiconductor laser element according to claim 1 being liie multHayer film which laminated at feast two or more 
kinds of thin films chosen fram a group which said dielectric multilayer furthermore ^fe an optical 

resonance side feescomes Irom Si0 2 * JWg and Zr0 2 > 



[Ciasm 3]Ths mfam of 0)001] sides of silicon oh sappbtm somes to laminate said nitric semiconductor, and 
the silicon on sapphire further said optical rssonanoe side. [Equation 1j 
CI 1033 

[Equation 2] 
n o To i 

[Equation 3] 
cos 103 

[Equation 4] 
II % fiOI 

[Equation 8] 
£ lo t 0 3 

[Equation 8] 

The nitride semiconductor laser elemsnt aosording to olaim 1 or 2 being the nitride semiconductor side broken 
% the plane direction of either of the fields, 

[Claim 4lThe nithd® semioonduotor laser element according to claim 1 or % wherein said optica! resonance wk 
Is the end face of a nitride semiconductor etched almost vertically to a substrata. 
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DETAILED DESCRIPTION 







[Detailed Description of the Invsntionj 
[0001] 

[industrial ApolicstionjThis invention relates to the laser device which consists of nitride semiconductors 
[0002] 

[Pescription of the Prior ArtjTbe nitride semiconductor had a band gap to OS eV - 8.0 0, and since it was a 
transited [ directly ] type material, it was conventionally observed as a materia! of the semiconductor laser 
element to ultraviolet— red. blue LED of terrorism structure was put In practical us© with the nitride 
semiconductor to double recently — the next rassarch of the blue laser element using the nitride 
semiconductor as a target came to be dene actively, 

[0003jit Is necessary to form an optical resonance side in a semiconductor layer In a laser device. The 
semiconductor laser oscillated in fee infrared region which consists of a compound semiconductor of the 
conventional QaAs system has cleavabillty on the character of a crystal and the cleavage plane is made Into the 
optical resonance si de of a laser device . 

[GG04]Qn the other hand, the nitride semiconductor does not have the character top cleavabiiity of a crystal 
called' a hexagonal system. Therefore, when a laser device was produced with a nitride semiconductor, since an 
optical resonance side was not made by using a cleavage plane as a reflector, it did not result to laser 



f0005] 

[Problem(s5 to be Solved by the Invention] Ultraviolet - a green short wavelength sembonduetor laser are 



checked only »th a ZnSe system semiconductor now, but the semiconductor laser has a life only several 
minutes at present A possibility that the nitride semiconductor is realized to LED of terrorism structure as 
mentioned above to double, and laser can be realized at an early stage on the other hand as eompared with 
ZnSe if this structure Is used is high. Therefore, this Invention is made in view of such a situation, and in 
realizing a laser device using a nitrida semiconductor, there is a place made into the purpose in providing the 
laser device whose laser oscillation becomes possible by forming the suitable optical resonance side which 
serves as a reflector first. 

mm 

[Means for Solving the Problemjln realizing a nitride semiconductor laser- element* by forming a dielectric 
multilayer Irs an optical resonance side of a nitride semiconductor layer where reflectance sufficient in the former 
was hot obtained furthen and raising reflectance to it we find out newly that laser oscillation may happen to a 
nitride semiconductor layer, and came to accomplish this invention, namely, a nitride semiconductor laser 
element of this invention a substrate top — a nitride semiconductor {In x aly minum v Ga|„ x „yl !t I J It is a laser 

device which comes to laminate 0<~X, M~% and XW<~t, and a dielectric multilayer is formed at least In one 
side of an optica; resonance side of the laser device. 

[0007lThe dielectric multilayer can change reflectance by laminating by turns an inorganic material In which 
reflectance differs mutually fundamentally, for example, laminating by turns by thickness (lambda / 4n (lambda: 
wavelength, n-refractiva index)). A kind of each thin film of a dielectric multilayer, thickness, etc. can he designed 
by choosing those Inorganic materials suitably according to wavelength of a laser device which it is going to 
oscillate. In the inorganic material, as a thin film material by the side of a high refractive index, for example, TiO g( 

ZrD 2 , Hf0 2 , and S© 2 0 3 , Y 2 % M«0, aluminum^, At least one kind in and ThO g can be chosen, As a thin 

film material by the side ef a low refractive Index, Sl© 2 , ThF 4 . Can choose at least one kind m L.aF g , MgFg, yF > 

NaF, and Na^AIFg, and A thin film material by the side of these high refractive indices, A dielectric multilayer can 

be formed by laminating several layers - tens of layers by a thickness of tens of A - several micrometers 
according to wavelength which combines suitably a thin film material by the side of a low refractive Index, and is 
oscillated. 

fOOOSjhiext the second of this invention is in a range whose luminous wavelengths of a laser device which 
comes to laminate a nitride semiconductor on a substrate are 360 nm •••• 460 nm. Said dielectric multilayer 
furthermore formed In an optical resonance side is characterized by being the multilayer film which laminated at 
least .two or more kinds of thin films chosen from a group which consists of SI0 2 , TiO ?! and ZrOg. That is, when 
a laser device oscillated to 360 nm - 460 nm with a nitride semiconductor is realized, at least two or more kinds 
as which especially a dielectric multilayer formed in the optical resorsance side was chosen from SlOg, TiOg, and 

ZrQ, are most suitable. Because, in 360 nm - 480 nm, said three kinds of oxides Have little optical absorption, 

are stuck very well with a nitride semiconductor, and do not separate It is because it does not deteriorate even 
If long time irradiation of the light of said wavelength is furthermore carried out continuously, and it excels In a 
sti more desirable thing dramatically to generation of heat of a laser device at heat resistance, 
[000S1A dielectric multilayer can be formed using gaseous phase film production art, such as vacuum 
evaporation and weld slag. After a laser device Is immersed in a solvent containing the abcve-mentioned 
compound in addition to this (dipping), It Is also possible to repeat and form operation of drying. For example, 
when a dielectric multilayer which Gcnsists of SIG 2 and ZrOg is formed, Form SIQ 2 and ZrQg with gaseous phase 

film aroduotion art, such as vacuum evaporation and weld slag, and also. It dries, after a laser device is immersed 
in a solvent of an organic metallic compound containing Si, It bakes by oxygen environment and is considered as 
an oxide, a laser device is Immersed in a solvent of an organic metallic compound which contains Zr next, and 
after drying, a dielectric multilayer can be produced by repeating operation which Is baked and is used as an 
oxide. Hcwever, H is better to use gaseous phase him production art in respect of thickness control preferably. 
[0010]The nitride semiconductor structure laminated on a substrate should just be terrorism structure In double, 
for example, can be realized with structure which laminated a n type contact layer, a n type clad layer, an active 
layer, a p type clad layer, and a p type contact layer in order on a substrate. Sapphire (€ side, A side, and fx side 
are also included.), SIC C4H and 6H are included,}, ZnO, GaAs, Si etc. can be used for a substrate, end sapphire 
or 310 is used preferably, as a n type contact layer — duality, such as Gahl and AlGaN, "~ what has a 
semiconductor layer of a mix crystal or a 3 yuan mix crystal good [ orystainity ] Is obtained. If especially Qati 
an electrode material and desirable OMIKKU will be obtained. However, for considering It as a n type, donor 
impurities, such as St, germanium, and S, are doped to a semiconductor layer. The following n type clad layer 
should just be a nitride semico nductor with a larger band gap than an active layer, for example, its AlGaM is 



preferred if the following active layer sets to norr-doped n type Mm, ktmmmwm between bands about odP 
nm - near 365 m will be obtained. N type inGahl of crystailinity which made a mole ratio of Indium below half to 
solium oreferablv Is good, and a life of a laser device ts long. The following p type clad layer should just be the 
nitride semiconductor same with a n type clad layer with a larger band gap to an active layer, for example's 
AIM Is preferred Acceptor Impurity constituted from group It elements, such as Zn, Mg, and Od, D Coarbon A 
etc. by considering it as a e tvoe is doped to a semiconductor layer, After a dope, annealing may be pertormeo 
above 400 In order to use a sti low resistance p type, the following p type contact layer — a n type contact 
layer - the same ~ duality, such as GaN and AIGaN, - what has a semiconductor layer of a mix crystal or e b 
yuan mix crystal good [ crystalling j is obtained. If especially GaN, an electrode material and desirable OMIKKU 
will be obtained. In structure of said laser device, it is still better also as a multilayer film wmen lamrnatea tnree 
or more layers of active layers by tens of A thickness, Ley, multiple quantum well structure, although a mofe ratio 
of ?roup 111 elements of each class can be adjusted and 4 yuan can also be considered as a nitride 
semiconductor of a mix crystal ClnAIGaNl since lattice matching of the interface of each nitride semiconductor 
iayer is carried out further again — general — a 3 yuan mix crystal and duality ■■— • a direction of a mm crystal is 
excellent In crvstaliinity. Especially, preferably, make thickness of an active layer thinner than 300 A, and. 
Between the active layer and n type clad layer and/or between said active layer and a p type clad layer, Smce a 
laser device of distortion auantum well structure will be realized by distortion which comes from an interface ot 
an active layer and a cladding layer by inserting an InGaN layer of a n type or a p type with a larger band gap 
than an active layer if It Is made to transform an active layer eiasticalty, laser oscillation becomes stsl easier. 
[OQITlNext the third of this Invention and the fourth are explained. Since a nitride semiconductor layer dees not 
have eleavabity as mentioned above, It is difficult to make a cleavage plane into an optica! resonance ssde. 
However. It is vertical to **** and a state which is close to a cleavage plane, i.e., a substrates face, and It is 
possible bv forming a field near a mirror plane to change into a state near an optical resonance side. As one of 
them, a laser device of the iHrd this invention, The surface of 10001] sides (henceforth O side) of silicon on 
sapphire comes to laminate a nitride semiconductor and further said optical resonance side. The silicon on 
sapohire Is the nitride semiconductor side broken by a plans direction of several 1, several 2, several \ several 
4. several 3, or the 6th [ several 1 pages (the 1st [ several ] page ™ the ith page of a number are hereafter 
called M side collectively.), and a dielectric multilayer is formed in the resonance surface. That Is, an optical 
resonance side which is close to a cleavage plane as much as possible is acquired by breaking a nitride 
semiconductor wafer laminated so that It might become the structure of a laser device on the surface of silicon 
on saophire by a specific plane direction of a substrate. Since a nitride semiconductor side broken wstn mppme 
£ not a perfect cleavage plane, there is much optical loss. Then, In order to make the nitride semiconductor side 
<ntp a perfec* epbcal resonance side of optical loss which fe^ 

unit cell figure showing a plana direction of a sapphire single crystal Is shown in drawing t . A nitride 
semiconductor which constitutes a laser device of this invention is laminated by G side of silicon on sapphire as 
shown in this unit cell figure, and orientation is carried: out to G shaft orientations. It snail be contained m the 
range of this invention even if S side of silicon on sapphire Is a O side which has an OFF angle In less than about 
m\Q degrees from [0001] sides to say nothing of being thoroughly in agreement with [0001 j sides. A laser 
device of*** 3rd this Invention makes a carting plane of a nitride semiconductor layer made when sappmre ss 
broken hyM side of an unit csllf igure, i,e,. the side of six[ as shown in a slash part 1 -sided prisms, an optical 

resonance side. , , 

[001 3]A perspective view of f laser device concerning this invention is shown In drawing^, and a seotlonarvtew 
at t he time of cutting a laser device of dra wing 2 In a direction vertical to a stripe el ectrode m shown m orawmg 
3. This laser device shows a mesa stripe type structure. The buffer layer 2 which comes from GaM on G side of 
the silicon on sapphire 1. the h type contact layer 3 which consists of Si-dope n type GaN, the n type clad layer 
4 which consists of Si-dope n tyce AiGaM, the second n type olad layer 5 that consists of Si-dope n type InQaN, 
It has terrorism structure to double by which the active layer 6 which consists of non-doped InGaN, the p type 
clad layer ? which consists of t^g-doped-p-type AIGafi and the p type contact layer S which consists of Mg 
doped p type OaN were laminated. Furthermore, the negative electrode 1 1 of stripe shape Is formed in the 
surface of the p type contact layer B as well as the positive electrode 12 of stripe shape, and the surface of the 

h type contact layer Ct 

[00t4]lri order for this laser device to make fundamentally a nitride semiconductor s^de wnicP was broken by JVs 
side of silicon on sapphire and which counters an optical resonance side and to make this field into a perfect 
optical resonance side further. This nitride semiconductor side and silicon on sapphire are covered, ami the 
dielectric multilayer 20 which comes to laminate Si0 2 and ten layers ofTi0 2 at a time by turns, reepectiyely is 
formed. The dielectric multilayer 20 is formed in the surface of a nitride semiconductor layer which countered 
respectively, it is reflected by this dielectric multilayer 20, and luminescence of an active layer serves as a 



perfect. optica! resonance sl^e* When sapphim Is .broken by M .side* art optica! resonance side of a nitride 
semiconductor Is a hexagonal system, [Sanation 1] 
t i I 203 

It becomes a field m many cases. 

[GQISjA seriber m a diesr can be used as a means to break a wafer. When a soriber is used, the scribe of the 
silicon on sapphire of the field where the nitride semiconductor was laminated, and an opposite hand is earned 
out but before carrying out a senbs, it is desirable to grind the silicon on sapphire In thickness of 108 
micrometers or less sti more preferably, and to make it thin 150 micrometers or less. When breaking a wafer 
from the scribe line formed so that it might be divided from M side by grinding a substrate to ISO micrometers or 
less, artd making it thin. It beoomes easy to be divided more stralghily than a scribe line, and the broken nitride 
semiconductor layer side becomes close to an optica! resonance side. On the other hand. In breaking by a dicer, 
after carrying out half cutting of the sii|con-on~sapphire side by which the nitride semiconductor similarly Is not 
laminated, an optica! resonance side can be formed by pressing and breaking a wafer. When breaking a wafer by 
the half cutting by a dicer, and a soriber, by the thickness of silicon on sapphire being 1 SO micrometers or less 
as mentioned above, a nitride semi conductor layer breaks easily vertically to a substrate, and is in the tendency 
used as an optical resonance side, 

C0G18]hiext, the end face of a nitride semiconductor into which a laser device of the fourth this invention was 
etched almost vertically to a substrate is an optical resonance side, and a dielectric multilayer is formed In this 
nitride semiconductor side etched vertically. That is, this laser device is also the sams with the third laser 
device, and since only a resonance surface with much optica! loss can be acquired only by etching, in order to 
acquire a perfect optical resonance side of optica! loss which is net almost, a dielectric multilayer which reflects 
wavelength of an active layer in the surface of an etching surface of a nitride semiconductor further is filmed, 
and an etching surface Is made Into a perfect optica! resonance side. 

[OOOlAtthough a laser device in parti cular that makes an etched nitride semiconductor layer an optica! 
resonance side is not Illustrated, since a field which forms the dielectric multilayer 20 serves as the same figure, 
for example in MwMljsven if it Is the end face of the nitride semiconductor at the time of etching from the 
nitride semiconductor layer side, it omits. When forming an optica! resonance side by etching, it Is good that a 
substrate In particular with which a nitride semiconductor is laminated Is not sapphire;, either, and it cannot be 
overemphasised that materials, such as SIC? and ZnQ, may be sufficient as mentioned above. 
030 18] After an optica! resonance side of the fourth laser device forms a predetermined mask in the outermost 
surface of a iamlnated nitride semiconductor layer, it can be formed by etching. As an etching means, although 
there is a means of both dry etching and wet etching, for etching the end face of a nitride semiconductor 
vertically: dry etching is preferred. In dry etching means, such as reactive ion etching, Ion milling. Ion beam 
assistant etching and convergence ion beam etching, can be used. 

fJO10jif a concrete structure of a laser device Is mentioned, as profit waveguide type stripe type laser, an 
electrode-stripes type, a mesa stripe type, a hetsro isolation type, etc, can be mentioned. In addition to this, an 
embedding heterc type, a CSP type, a rib guide type, etc. can be mentioned as stripe type iassr with a fixture 
waveguide mechanism. An electrode several to about 20 micrometers wide Is usually formed in a laser device of 
such structures as a waveguide at the top layer Can example of the .above-mentioned structure p type contact 
layer), and an oscillation Is made to cause along with this stripe. It is formed in an optica! resonance side for ^ 
oscillating, for example on the nitride semiconductor layer surface of a direction vertical to this stripe. braoklltion 
to this, when laser of a surface-emitting type is produced, an optical resonance, side is formed Into a nitride 
semiconductor layer, but it Is also possible to form a dielectric multilayer described above at least to one side of 
an optical resonance side of a surface emission-type laser in a laser device of this invention. 

mm 

[FunetionjWhen realising a laser devise using a semiconductor material without the cleavaoihty of a mtnde 
semiconductor, it Is dramatically important to form the optica! resonance side which serves as a reflector as 
stated first Since the dielectric multilayer is formed in the optical resonance side of a nitride semiconductor 
layer in this Invention, it acts as a reflector in which optica! loss was excellent few by the dielectric multilayer. 
Although the dieleotrlo multliayer mentioned above explains forming in both optical resonance sides, laser ^ 
oscillation is possible even if It forms in either. For example, a dielectric multilayer can be formed in one of the 
two of an optical resonance side, and the reflector which already becomes one of the two from a metal thin film 
can also be formed, n ^ 

fO021]When it Is In the field whose oscillation wavelengths of the nitrides semiconductor laser are 3§0 nm ~ 4§0 
nm The laser device of a short; wavelength region will not be realisable without at least two or more kinds of thin 
films chosen as the optiea! resonance side from the group which consists of SsOg, Ti0g, and ZrQg fprrnfpf the 



laminated rfMecin© multilayer In the worM And without sticking the malarra! of SiOg, TiQ^ and 2r0^ vary wall 
with a nitride S0ml#r>duct0f, §ft<l sed&rating. Since it does not deteriorate even if long time ifT&dSatbo of the 
light of sdd .short' w^fengft; Is earned mi continuous and It axeels In the still mors desirable thing 
dramatical^ to generation of heat of a laser device at heat resistance, in a room tarn p#ralure { a prolonged 
continuous oscillation &eoome$ possible. 

B)822jin the beer device which bmmatad the nimde semidondyctor to G side of samphire, unlike the gallium 
nitride system compound semiconductor, the sapphire single crysta! usad as a substrate has .dramatically food 
qrystain^ty, and as shown in drawing 1, it hes m afmoM exact hexagonal system. On the other hand also 
although a nitride samioonduotor is calbd hexagonal system, it \$ not necessarily laminated on silicon on 
sapphire with tha cr^atd form which was In agreement with the substrate. However; tf the crystal system of 
sapphire is stably by breaking : a wafer by the direction of stable sapphire, it will become possible to make it easy 
to stabilize a nitride semiconductor and to divide, and it will change into a -state as f it formed the cleavage 
plane by tha gaslium nitride system compound semiconductor. As the slash part of drawing 1 shows especially, 
since y side of sapphire has another [ which certainly counters j M side> the optica! resonance side which 
counters by breaking a wafer by those M sides is. formed. If a . dlelectjio multilay^ris .ferther formed in this 
resonance surfeoe, since a perfect reflector will be made> laser osciHation df the nitride semiconductor h darned 
out easily. 

[0Q23]8y similari^ forming the end face vertical to a nitride semiconductor kym by etching, forming a dielectric 

multlteyar in the end face, and carrying cut the end face, since it is still InsufBciant as a reflector also as an 

optica! resonanc© mm, since light can be shut up thoroughly, a nitride semiconductor carries out laser osciati em 

easily. 

[00241 

[Example] 

[Exampie I] Example 1 ■ m. described usirig .#aMM.l.jnd #awng Jt The buffer layer 2 which comes from 6a M on 
the SSO^micrometer^ silicon on sapphire 1 First, 200 A, The n type clad layar 4 which consists of o 
micrometers and Sr dope n type aiumlnumO,3GaQ M the n type contact layer 3 which consists of 8i~dope n 
type GsN 0,1 micrometer, The second n type dad layer 8 that consists cf SHdope n type ln0,01S3aO,§9N SOD A, 
The active layer 8 which consists of norr-doped in0.08GaO,92M 1 00 A, The wsfer Into which the p type contact 
Jay&rS which consists cf 0.1 micrometer and Mg doped p type GaN the p type clad layer 7 which consists of 
Mg~deped~p~iype alumlnumO,3QaO.?N was grown up in order by 0,5 micrometer of thickness Is pmpared. 
KQMjNext after forrnmg a mask In the surface of the p type contact layer 1 of this wafer in predetermined 
shape, using RiE (reactive fen etching}, a nitride semiconductor layer is etched and the n type contact layer 3 is 
exposed. After exposing the n type contact layer 3, the negative itec^ede 1 1 which consists of Ti/alumi n urn is 
fcrmed m the n type contact layer 3 by a width of 20 micrometers, end the positive electrode 12 which consists 
of nickel/Au is formed in the p type contact layer 7 by a width of 3 micrometers. Shape of an electrode is made 
Into stripe shape as shown in drawing, 2 ..and drawi|tgj, 

[QP28pext; the field of the direction which does not form the nitride semiconductor feyer of the sioon on 
sapphire 1 is ground to a thickness of W micrometers with a grinder. The scribe of the polkhed surface of 
mlmm on sapphire is carried out with a scriher after polmh It Is made for the saribe line of the direction of a 
scribe which Intersects perpendicularly with a stripe electrode to correspond with M side of sPsoon on sapphire, 
and another scrib e li ne is taken m a direction parallel to a stri pe electrode, A wafer i s pushed and b roken with -a 
roller after scribe line formation, and it is considered as a laser chip. It has shape as shown in drawing j|> the 
nitride semiconductor side which broke the wafer and was exposed Is made into the optical resonance side, and 
this laser chip is 420 nm in luminous wavelength. 

|0027lMext t after giving a mask to the whele electrode surface of a laser chip, the thin film which consists of 
$10$ is formed in the nitride semiconductor s?de exposed with the sputter device at 7S nm^ Similarly the thin film 
which consists of ZrG% on it Is formed at 48 nm< and the transparent dielectric multilayer 20 which laminated ten 

pairs of this pair Is formed. Thus, the; reflectivity curve cf the formed dielectric multilayer is shown m ^awmg. 4- 
j^e dielectric multilayer which consists of Si0 2 and ZrOg as shown m #aM0I:4-..^ refeoi the wavebngt-h 380 

nm ~ near 450 nm 1 00%, 

[0G2S]Th^s ; after installing the obtained laser device In the heat sink and carrying out the wire bond of each 
electrode, when Ias0r oscillation was tried at the room .temperature, laser oscOlatlo^ with an oscillation 
wavelength of 410 nm was checked, by threshold -current ^density 15 kA/om 2 ? and the continuous oscillation of 
1Q0 hours or more was shown, 

[OOPlExaitipIa 2] The wafer which sat the presentation of the active layer of the laser de vfea of Example I to 



Inp.1§GaO,95N & prepared; The luminous wavelength of this laser device is 480 hra A laser chip is produced like 
Example I after grinding the back substrate and of stripe shape until it breaks a wafer by 

&t side of sapphire. 

[0030] Next, ten pairs of thin Sims which consist of 82 nm and TiOg the thin film which consists of SiC5 ? am 

formed in the nitride semiconductor skfe exposed as well as Example 1 by 38 w nm thickness, Although the 
reflectivity curve in partbufer of the thin film which consists of Si©,, and TrQ ? does not iyuetrats, the 

reflectance of 480 nm shows about 100%. 

[0031 jThus, the obtained laser device Is Installed m a heat sink like Example 1 , After carrying out the wire bond 
of each electrode, whan laser oscillation was tried at the rDom temperature, laser oscillation with an oscillation 
wavelength of 480 nm wm : chesked by threshold current density 1,5 kA/em , end, si mti&riy the continuous 
osciatian of 100 hours or more was shown. 

[G032][Examp!e 3] After exposing the n type eontaot layer of the wafer of Example 1,.$ mask is remm&d md the 
mask (a line which becomes m electrode of the stHpe shape formed behind, perpendloulaHty, and parallel has 
exposed this mask shape;) of predetermined shape m further formed In the surface of a p type contact layer- It 
etches until islhoon on sapphire exposes a nitride semiconductor by SiOi 4 gas using the RIB etching; device after 

mask formation 

[0Q33]tbe sieon on sapphire exposed by etching like the point after form Jng a positive electrode .and the 
negative, electrode like Example "I after etching — a scribe ~~ or dicing is carried out &hd it separates into a chip 
shape laser device. The rest forms a dielectric multilayer in the nitride semiconductor side whfeh Inters eoted 
perpendicularly with the electrode and was exposed like Example 1, and uses it as a laser devtee. Thus, m wM 
ai Example f, laser oscillation was carried out at the room temperature^ laser oscilia&on with an oscillation 
waveiength of 420 nm was checked by threshold current density 1 -6 M/em 2 * and the obtainedlaser device also 
showed the continuous osciOatbn of 100 hours or more. 
[0034] 

[Effect of the InventlonjAs explained above, since the laser device of this Inventbn forms in the nitride 
semiconductor dde used as an optical resonance side the dielectric multilayer which has the reflectance 
according to an osciatbn wavelen^h, the laser oscillation of the optical resdnanoe side as a reflector becomes 
possible by reflecting the ^ight cf an active layer about 1 DDI mutually. In bser osculation with a short wavelength 
of 380 nm ~ 480 rm the laser oscillation of the short wavelength in a room temperature becomes possible by 
havlni formed the dielectric muitilayer In a nitride semiconductor called Si0 2 < TiOg, and Zr0 2 with a suitable 
material. Thus, by having realized the iaser device of the short wavelength region, as the light source for writing, 
and a light source of a compact disk, storage density improves by leaps and bounds, and the industrial utility 
value has it [ dramatically large ] 



[Tran slati on done J 
* NOTICES * 

JP0 and IMjNl are not respondbk for any 
da^ges caused by the m§ of this translation, 

1 .This document has been transited by computer. So. the translation may not reflect the original precisely, 
L**** shows the word which can not be translated. 
3 -In the drawings, any words are not translated 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

£Draw}ngJ]l^^ unit ceil figure showing. the plane direction of a sapphire single crystal 
£Drawlhg; ; ||The perspective view showing the shape of the laser davfoe concerning one example of this 
invention. 

S5o«M;lJT^^ type section figure showing the stricture of the law device of &mm$ J- 

[Drawing 4lThe ^gure showing the re^eotMty curve : of the digastric multilayer formed in the optba! resonance 

s*de of the 1 jaser device of this invention* 



[Description of Rotations] 

1 Slfeon on sapphire 

2 Buffer layer 

3 N type ooMaat layer 

4 N type obd layer 

§ w The second n type clad layer 

8 .... Active layer 

? ,„* P type clad layer 

8 P type contact layer 

11 Negative electrode 

12 _ Positive electrode 
20 ... 0ie!eotrio multilayer 
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[Drawing..!] 
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